To conduct a retrospective study of 15 patients with persistent (n ϭ 4) and recurrent (n ϭ 11) hyperparathyroidism.
Summary Background Data
Secondary hyperparathyroidism may persist or recur because of hyperfunction of the parathyroid remnant or transplanted parathyroid tissue. It is a great challenge to localize the parathyroid tissue either in the neck or at the arm before surgery.
Methods
From June 1994 to June 2000, 15 patients with recurrent and persistent secondary hyperparathyroidism were selected for surgery for the removal of parathyroid tissue. The indications for surgery included bone pain, hypercalcemia, general weakness, and skin itching. Their ages ranged from 23 to 66 years. The average period of persistent hyperparathyroidism after total parathyroidectomy with autotransplantation was 3.8 months; that of recurrent hyperparathyroidism was 53 months. Serum levels of calcium, phosphorus, parathyroid hormone (iPTH), and alkaline phosphatase were measured before surgery and 1 week after surgery. Before surgery, the parathyroid gradient in the blood draining the graft-bearing arm versus the contralateral arm was measured. A 99m Tcsestamibi (MIBI) scan was performed including the neck and the arm area, and a computed tomography (CT) scan of the neck was performed to confirm the localization. The neck and mediastinal exploration was done directly at the side of localization under general anesthesia to remove the parathyroid tissue that had been located with the MIBI scan or CT scan. An arm exploration was done under local anesthesia to remove all parathyroid tissues detected in the MIBI scan or palpable masses during surgery. If all glands were removed, 0.5 ϫ 0.5 ϫ 0.5 cm of tissue (60 -100 mg) was maintained in situ or the same amount of tissue was reimplanted.
Results
The average ratio of iPTH in the graft-bearing arm to the contralateral arm in the 5 patients with parathyroid tissue in the neck was 1.17 Ϯ 0.16, and that in the 10 patients with parathyroid at the arm was 14.15 Ϯ 16.62. A significant difference was found between the two groups. MIBI scans showed parathyroid tissues in the neck in four of five patients and in seven of eight patients at the arm. Computed tomography showed the parathyroid tissues in the neck and mediastinum in five of five patients (100%). Five glands were removed from these five patients, three in the neck, one in the mediastinum, and one in the carotid sheath. In total, 20 glands and 2 halfglands were removed from 10 patients; among these, 14 glands were shown in the MIBI scan. All patients had improvements of symptoms and signs after surgery. Serum levels of calcium, phosphorus, and iPTH decreased rapidly after surgery, but alkaline phosphatase did not.
Conclusions
With the results obtained from the ratio of iPTH of the graftbearing arm to the contralateral arm, clinical palpation of the arm, MIBI scan, CT scan, careful surgical exploration, and adequate resection, recurrent and persistent secondary hyperparathyroidism can be successfully treated with surgery in the neck or at the arm.
Persistent and recurrent hyperparathyroidism after total parathyroidectomy with autotransplantation is a challenge to surgeons as well as physicians of nuclear medicine. Persistent disease occurs when there is inadequate initial surgery as a result of missed fifth parathyroid gland or an inadequate subtotal resection of parathyroid tissue. Recur-rence after initially successful surgery usually occurs because of hypertrophy of the cervical parathyroid tissue or the parathyroid grafts.
Before a study of autotransplantation of parathyroid tissue to the forearm muscle or the subcutaneous tissue in 1996, 1,2 we had routinely removed all parathyroid glands no matter whether three, four, or five glands were found during surgery for secondary hyperparathyroidism and implanted 60 mg fresh parathyroid tissue into three dry pockets in the forearm (muscle layer or subcutaneous tissue). After that study, we implanted the parathyroid tissue in the subcutaneous tissue in all patients. We now report our experience with surgery for persistent or recurrent hyperparathyroidism after total parathyroidectomy with autotransplantation.
METHODS
From June 1994 to June 2000, 185 patients underwent surgery for symptomatic secondary hyperparathyroidism with total parathyroidectomy and autotransplantation. Among them, 110 patients had autotransplantation to the subcutaneous tissue and 75 patients to the muscle layer. After surgery, serum levels of calcium, phosphorus, and alkaline phosphatase were checked monthly and levels of parathyroid hormone (iPTH) were checked every 6 months. If those levels increased gradually (iPTH Ͼ 650 ng/L) and patients had symptoms such as bone pain, skin itching, general weakness, and so forth, the nephrologist would refer them to this team for further work-up. A total of 15 patients who were selected for surgery because of persistent or recurrent hyperparathyroidism were enrolled into this study. Their ages ranged from 23 to 66 years (median 45). Seven of them were women. They all received regular dialysis three times a week, and the mean period after total para-thyroidectomy with autotransplantation was 3.8 months (range 3-5) for persistent disease and 53 months (range 22-106) for recurrent disease. Previous operations showed four glands in 13 patients and three glands in 2 patients. The indications for surgery were bone pain in eight patients, hypercalcemia (Ͼ11 mg/dL) in three, general weakness in two, and skin itching in two (Table 1) . Previous autotransplantation was performed in the subcutaneous tissue in 5 patients and in the muscle layer in 10 patients.
Persistence of secondary hyperparathyroidism can be defined as the persistence or recurrence of the typical symptoms, laboratory parameters, and radiologic signs within 6 months after surgery. 3 A later occurrence of symptoms and signs of secondary hyperparathyroidism should be classified as recurrence.
Before surgery, serum levels of calcium, phosphorus, iPTH, and alkaline phosphatase were measured routinely. Serum iPTH levels were measured by iPTH radioimmunoassay and prediluted with zero standard reagent C (iPTH 100T Kit-catalog No.40-2107, Nichols Institute Diagnostics, San Juan Capistrano, CA) to 10ϫ and 100ϫ routinely in these patients.
The iPTH gradient of the graft-bearing arm versus the contralateral arm was then measured and recorded. Serum samples were obtained from the antecubital veins of the transplanted arm and the dorsal palm veins of the contralateral arm (with arteriovenous fistula). A positive gradient was defined as a twofold step-up in the grafted arm. 4 99m Tcsestamibi (MIBI) scan was performed in 13 patients but not in the other 2. After 25 mCi 99m Tc-sestamibi was injected intravenously, three sets of images were obtained: the initial set at 10 to 15 minutes and delayed sets at 2 and 4 hours after injection of the pharmaceutical. The initial set of images corresponded to the thyroid phase and the delayed sets to the parathyroid phase, 5-7 either in the neck or at the graft-bearing arm.
Computed tomography (CT) of the neck and upper chest using thin cuts (3 mm) with intravenous contrast was performed in five patients who had a negative iPTH gradient of the graft-bearing arm versus the contralateral arm or a positive MIBI scan in the neck. Neck surgery was performed under general anesthesia at the side of localization after the MIBI scan and the positive CT scan to remove the parathyroid tissue. Exploration of the arm with the grafted parathyroid tissue was performed under local anesthesia if the iPTH gradient was positive and the parathyroid tissue was detected in the MIBI scan. All the parathyroid tissue apparent in the MIBI scan or clinically palpable during surgery was completely removed, and about a half-piece (0.5 ϫ 0.5 ϫ 0.5 cm in largest dimension; 60 -100 mg) of the tissue was left remaining, or the same size was autotransplanted.
One week after surgery, calcium, phosphorus, alkaline phosphatase, and iPTH were measured in the contralateral arm. Symptoms and signs were recorded in the follow-up period.
Statistical significance was assessed by the Student t test for paired and unpaired samples and by the Mann-Whitney test for nonparametric samples. Statistical tests were performed using SPSS (SPSS Inc., Cary, NC, 1994). P Ͻ .05 was considered significant.
RESULTS
Four patients had persistent disease and 11 had recurrent disease ( Table 2 ). The five patients with persistent and recurrent hyperparathyroidism in the neck had an iPTH ratio (graft-bearing arm to contralateral arm) of 1.02 to 1.44 (1.17 Ϯ 0.16, mean Ϯ SD). The 10 patients with recurrent hyperparathyroidism in the arm had an iPTH ratio of 2.66 to 50.2 (14.15 Ϯ 16.62 ). Using the Mann-Whitney test, significant differences were noted between the two groups (P ϭ 0.001).
The MIBI scan showed four of five parathyroid glands in the neck. The sizes of the glands in surgery were 1.5 ϫ 1.1 ϫ 1.1 cm, 2 ϫ 1.7 ϫ 1.4 cm, 3 ϫ 1.6 ϫ 1.2 cm, and 1.5 ϫ 0.8 ϫ 0.7 cm; the one that did not show up on the MIBI scan was smaller (0.9 ϫ 0.8 ϫ 0.6 cm). The CT scan of the neck showed all five parathyroid glands: three at the neck, one at the carotid sheath, and one at the mediastinum. Surgery identified those five glands, which weighed about 1.88 g, 2.10 g, 3.02 g, 0.48 g, and 0.25 g ( Table 3 ).
The MIBI scan gave positive results of 14 glands at the forearm in seven of eight patients. These glands measured 3 ϫ 2 ϫ 3 cm to 0.6 ϫ 0.6 ϫ 0.6. Only two glands (one of eight patients) not detected by the MIBI scan were palpable during surgery, and they measured 0.5 ϫ 0.5 ϫ 0.4 cm and 0.6 ϫ 0.5 ϫ 0.5 cm. Patient 1 had two parathyroid glands (0.7 ϫ 0.7 ϫ 0.6 cm and 0.6 ϫ 0.6 ϫ 0.4 cm) and patient 6 also had two glands (0.8 ϫ 0.6 ϫ 0.5 cm and 0.7 ϫ 0.6 ϫ 0.4 cm); these clinically and intraoperatively palpable masses were removed without a preoperative MIBI scan. The iPTH ratio was 10 in patient 1 and 4.44 in patient 6 (see Table 2 ). In total, 20 glands and 2 half-glands were removed from these 10 patients. Among them, only patient 5 had autotransplantation of parathyroid tissue (Table 4 ). Before surgery, serum levels of calcium, phosphorus, iPTH, and alkaline phosphatase were 10.4 Ϯ 0.7 mg/dL, 5.1 Ϯ 1.8 calcium (P Ͻ .001), phosphorus (P ϭ .005), and iPTH (P Ͻ .001); no reduction was noted in alkaline phosphatase (P ϭ .741).
In the follow-up period of 3 to 43 months, all patients' symptoms improved. Patient 11 had pneumonia and adult respiratory distress syndrome after parathyroid surgery. She was admitted as an inpatient for more than 2 months before discharge. An improvement in general weakness was noted in patient 2, and a decrease of bone pain was noted in patient 8. Both of these patients had bladder cancer in the follow-up period. Patient 9 had cirrhosis of the liver with a normal calcium level (see Table 4 ).
DISCUSSION
Like many surgeons, we consider total parathyroidectomy with immediate reimplantation of parathyroid tissue in the forearm to be the surgical treatment of choice for secondary hyperparathyroidism, because in case of recurrence, reoperation in the forearm is easier than in the neck. [7] [8] [9] Our procedure of implanting 60 mg into three pockets in the forearm subcutaneous tissue made reoperation even easier. We decided to remove parathyroid tissues detected by the MIBI scan or palpable during surgery. We kept about 0.5 ϫ 0.5 ϫ 0.5 (60 -100 mg) in situ or for reimplantation immediately.
Persistent secondary hyperparathyroidism after total parathyroidectomy with autotransplantation was never graftdependent but was related to missed tissues in the neck or mediastinum. Usually, persistent secondary hyperparathyroidism was caused by failure to locate all four hyperplastic glands, as in patient 11 (mediastinum) and patient 14 (carotid sheath near the bifurcation). Another reason for initial failure was overlooking supernumerary glands, which can be expected in 13% of patients with secondary hyperparathyroidism. 10 Three patients in our study (patients 12, 13, and 15) had a fifth gland on the left side of the neck that we missed at the first operation. Hyperfunction of the autografted tissue in the forearm was the most common reason for a second surgery. All graft-dependent recurrences occurred after autotransplantation of fresh tissue and led to symptomatic disease and reoperation after a minimum of 22 months in this study. In patients with persistence or recurrence of secondary hyperparathyroidism after total parathyroidectomy with autotransplantation, it was difficult to localize the source of hormone excess, to determine whether it was in the neck or at the forearm. In our study, we found that the iPTH ratio of the graft-bearing arm to the contralateral arm, MIBI scan, CT scan, and clinical palpation before or during surgery were helpful. The parathyroid hormone determination in the blood draining the graft-bearing arm versus the contralateral arm was most helpful: the ratio was less than 2.0 if the parathyroid tissue was in the neck and more than 2.0 if it was in the arm. A previous report found that the parathyroid hormone determination in the blood draining the graft-bearing arm versus the contralateral arm was not successful. 11 One possible reason for the failure is the high level of parathyroid hormone in the systemic blood, which can disguise a hormone gradient. The determinations in patients with normal graft function show better results in the presence of generally lower systemic levels than were found in patients with recurrent or persistent secondary hyperparathyroidism. 12, 13 However, in this study of symptomatic recurrent or persistent hyperparathyroidism, this ratio seemed to work very well in differentiating the location of parathyroid tissues in the neck or at the arm. Accurate measurements of iPTH levels after predilution to 10ϫ and 100ϫ made the data more dependable and the localization more correct. We did not use intraoperative parathyroid hormone measurements, 14 but this might be very useful for the complete removal of parathyroid tissue, whether in primary surgery or in persistent and recurrent disease. The MIBI scan was initially used for myocardial perfusion imaging but has gained widespread use in parathyroid imaging during the past several years. The large number of mitochondria present in cells of parathyroid adenomas may be responsible for the abundant uptake and slow release of MIBI for these cells. 6 Before reoperation, MIBI scanning has been reported to show a range of successful localization rates: Majors et al 15 7 reported that 69% were localized before surgery. In this study, 11 of 13 (84.6%) were localized before surgery. Two of three glands found in the normal position were located before surgery by the MIBI scan. Two glands, one in the carotid sheath and another in the mediastinum, were also located. Using the MIBI scan, we missed only one in the neck, which was relatively small (0.9 ϫ 0.8 ϫ 0.6 cm) and one in the arm with two glands, which showed a low iPTH (650 ng/L). The size and function of parathyroid tissues may affect the localization rate of the MIBI scan.
The accuracy of CT depends on tumor size. Published gland localization rates for CT scanning have been 46% to 76%. 6, 7, 18, 19 Computed tomography is best at visualizing glands in ectopic locations, including undescended and retrosternal glands. In a previous study, the glands were found in the ectopic location in 9 of 13 (69%) positive scans, 7 whereas two of five were found in the current study. Overall, five of five (100%) glands were found using CT scan. This high preoperative rate was due to the fact that the iPTH ratio and the MIBI scan had been obtained before the CT scan was ordered, and both gave information about the localization of parathyroid tissue and helped the radiologist to interpret the CT scan.
The surgical alternative avoids the need for medication, and if the autografted tissues function, it allows normal calcium and phosphate metabolism and demineralization of bone. Because permanent postoperative hypoparathyroidism can occur after total parathyroidectomy or after reoperation for recurrent or persistent hyperparathyroidism, cryopreservation should be performed after all these operations, even if most patients will not need the cryopreserved tissue later. After surgery, transient hypocalcemia was found in eight patients, but 3 months later all could be maintained with low dose of calcium carbonate and vitamin D 3 . Hypocalcemia seemed to cause little trouble, and none of the patients in this study needed reimplantation of the cryopreserved tissue.
Symptomatic patients with persistent or recurrent secondary hyperparathyroid should have iPTH levels obtained both at the graft-bearing arm and the contralateral arm; this should be followed by a MIBI scan. Localization of the parathyroid tissue in the neck or mediastinum should be accompanied by an anatomic imaging technique, either CT scan or magnetic resonance image. Surgery is performed at the localization site. If parathyroid tissue is found in the forearm and is compatible with the ratio of iPTH levels of more than 2, surgery to remove parathyroid tissues detected in the MIBI scan or palpable during surgical exploration should be carried out. A 100% success rate in our series compares favorably with other reported reoperative parathyroid studies in the literature, which in general have success rates in the range of 70% to 96%. 4,20 -22 In patients with persistent and recurrent secondary hyperparathyroidism, we generally call for independent localization by at least two positive studies before surgery, 7, 19, 23, 24 as other surgeons have suggested (Fig. 1) . Those studies should include the iPTH gradient, MIBI scan, CT scan, and clinical palpation at the arm. Computed tomography and 
